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Final  Report:  1984  Gordon  Research  Conference  on  Composites,  ARO  Proposal 
No.  21152-MS 

Prepared  by:  Richard  J.  Farris,  Professor 

Polymer  Science  and  Engineering  Department 
University  of  Massachusetts,  Amherst 
Chairman  1984  Gordon  Research 
Conference  on  Composites 

Introduction 

The  Gordon  Research  Conference  on  Composites  was  held  in  Santa  Barbara, 
California  at  the  Miramar  Hotel  during  the  period  January  16-20,  1984.  The  con¬ 
ference  is  an  annual  Gordon  Conference  and  has  been  held  yearly  on  the  West 
Coast  since  Its  inception  in  1975.  Financial  support  for  these  conferences  Is 
provided  by  the  Gordon  Research  Conferences  at  a  level  of  $7500.  Additional 
support  was  solicited  in  the  form  of  a  proposal  to  the  U.S.  Army  Research  Office 
as  well  as  the  U.S.  Navy,  ONR  and  the  U.S.  Air  Force,  AFOSR.  Additional  sup¬ 
port  received  was  from  the  U.S.  Army  which  provided  $6000  to  aid  in  travel  and 
conference  fee  expenses  for  conferees .  The  combined  $13,500  was  used  entirely 
for  support  of  travel  and  conference  fees  for  27  participants.  The  average  sup¬ 
port  for  these  conferees  was  $500.  ine  conference  was  a  big  success  according 
to  reports  I  have  received  and  had  as  Its  main  purpose  or  theme,  the  science  and 
engineering  of  tough  composites.  The  conferees  and  speakers  represented  a  good 
mix  of  the  chemistry,  materials  science,  physics  and  engineering  disciplines 
which  was  the  original  Intent.  This  conference  is  perhaps  the  only  conference 
of  Its  type  which  brings  to  bear  the  talents  of  such  a  wide  variety  of  discipli¬ 
nes  to  attack  a  particular  subject  in  the  true  Gordon  Research  Conference 
spirit,  to  challenge  the  frontiers  of  science  and  current  concepts.  The  papers 
presented  were  unpublished  original  works,  as  required  by  the  conference  regula¬ 
tions,  and  contained  considerable  new  and  not  yet  understood  scientific  results. 


According  to  Gordon  Research  regulations  there  are  no  conference  preprints  or 
final  printed  papers.  Equal  time  was  given  for  presentation  and  discussion. 
Conference  Program 

A  copy  of  the  conference  program  is  attached  as  Appendix  A.  There  were 
seventeen  Invited  speakers,  five  from  industry,  seven  from  Universities,  and 
five  from  Government  laboratories.  Three  of  the  speakers  were  from  foreign 
countries,  two  from  England  and  one  from  Japan.  Each  speaker  gave  a  45-minute 
talk  and  had  another  45  minutes  for  discussion.  A  special  "Short  Presentation" 


schedule  was  arranged  for  the  Thursday  evening  meeting  where  five  additional 
short  talks  were  given.  A  panel  discussion  on  "Needs  In  Composites"  was  also 
held  Thursday  evening  with  four  prominent  scientists  leading  the  discussion. 

The  program  went  as  planned  and  was  effective  in  setting  the  atmosphere  for  the 
discussion  periods  which  often-times  continued  all  afternoon  or  into  the  early 
morning  hours. 

Attendance 


The  1984  Gordon  Research  Conference  on  Composites  was  attended  by  119  con¬ 
ferees.  This  was  the  largest  Composites  Gordon  Conference  ever  held.  The 
attendance  In  1975  was  approximately  60  conferees  and  the  applications  have  been 
Increasing  annually.  A  list  of  the  conferees  Is  attached  as  appendix  B.  A 
breakdown  by  affiliation  gives  77  from  Industry,  15  from  Government 
Laboratories,  and  27  from  Uni versltles.  There  were  12  conferees  from  foreign 
countries  which  Included  England,  Belgium,  Israel,  Japan,  France,  Denmark  and 
West  Germany.  Examination  of  Appendix  B  shows  that  essentially  all  of  the  major 
aircraft  companies  and  government  laboratories  were  present  as  well  as  major 
universities  doing  composites  research. 
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Finances 


The  conference  was  supported  by  the  Gordon  Research  Conferences  ($7500)  and 
by  U.S.  Army  Research  Office  ($6000).  The  combined  $13,500  was  spent  giving 
assistance  to  27  conferees  who  requested  assistance.  This  amounted  to  an 
average  of  $500  per  conferee  who  was  aided.  Gordon  Research  Policy  requires 
that  their  $7500  be  used  prior  to  any  other  funds.  These  funds  made  it  possible 
to  invite  foreign  speakers  and  to  defer  travel  and  conference  expenses  for  those 
otherwise  able  to  attend.  A  list  of  those  receiving  support  is  given  in 
Appendix  C. 

Future  Conferences 

According  to  the  guidelines  established  by  the  Gordon  Research  Conferences, 
a  business  section  was  held  Thursday  evening.  The  conferees  voted  unanimously 
to  hold  the  conference  again  next  year  at  the  same  location  and  as  in  the  past, 
the  week  following  the  Polymers  Conference.  Professor  John  Edmund  (Ed) 
Fitzgerald  of  Georgia  Institute  of  Technology,  who  served  as  vice-chairman  for 
this  meeting,  will  chair  and  organize  the  1985  meeting  and  Or.  Clarence  Wolf, 
McDonnell -Douglas  Corporation,  was  elected  to  serve  as  vice-chairman  in  1985. 
Summary  of  Meeting 

The  primary  objective  of  this  meeting  was  to  bring  together  the  various 
disciplines  involved  in  composites  to  address  future  trends  and  needs,  espe¬ 
cially  in  the  area  of  tough-high  performance  composites.  A  deliberate  effort 
was  made  to  include  chemists  and  physicists  in  the  program  as  this  conference 
had  been  becoming  more  and  more  engineering-oriented  each  year.  Gordon 
Conferences  are  chemical  conferences  and  the  continuation  of  this  conference 
demands  that  it  retain  some  association  with  chemistry. 


The  first  eight  papers,  Monday  and  Tuesdays  program,  were  devoted  to  tough 
composites,  especially  those  using  thermoplastic  matrix  materials  such  as  PEEK 
and  rubber  toughened  epoxies.  The  Monday  program,  Drs.  Sternsteln,  Nairn,  Yee 
and  Filippov,  was  devoted  to  understand  toughening  mechanisms.  The  Tuesday 
irfofn'fftg" program,  ^s  .'Kenner,  Fiber,  McKenna  anxf  Wu  Wasde voted- to  evaluation  of 
toughness  and  factors  not  commonly  considered  that  can  Influence  toughness,  such 
as  physical  ageing  and  voids.  Dr.  Elber  addressed  why  tough  composites  were 
required  and  the  benefits  that  could  be  achieved  if  they  were  available.  The 
Tuesday  evening  program,  Drs.  Drzal  and  Karasz,  addressed  the  problem  of 
moisture  with  regards  to  adhesion  and  lowering  of  the  glass  transition  tem¬ 
perature. 

A  new  type  of  composite.  Molecular  composites,  was  introduced  on  Wednesday 
morning  by  Drs.  Takayanagi  and  Hwang.  These  composites  are  essentially  a  ther¬ 
moplastic  matrix  reinforced  with  rlglg-rod  molecules.  They  are  like  chopped 
fiber  composites  except  the  reinforcement  is  not  fibers  but  rather  molecules  or 
small  bundles  of  molecules.  This  concept  Is  still  In  its  Infancy  but  rather 
remarkeable  properties  can  be  achieved. 

On  Wednesday  evening  Drs.  Gent  and  Brooksteln  discussed  two  different  types 
of  composites,  Gent  -  elastomeric  matrix  materials  and  Brooksteln  -  braided  com¬ 
posites.  Gent's  discussion  clearly  showed  the  necessity  of  using  fracture 
mechanics  and  an  energetic  approach  to  adhesion.  Brooksteln  discussed  braided 
composites  as  an  alternative  to  filament  winding.  The  primary  advantages  are  an 
Interlocking  woven  like  structure,  the  ability  to  use  irregular  mandrels  and  the 
ability  to  deposit  matelral  at  a  very  high  rate  (speed  of  construction). 

Thursday  morning  was  devoted  to  macromechanics  of  deformation.  Dr.  Peter 
Beaumont,  and  the  long-term  life  of  composites  under  tension.  Dr.  T.T.  Chiao. 


Or.  Beaumont  showed  some  TV  recordings  of  high  resolution-scanning  electron 
microscopy  of  cracks  developing  and  growing.  This  view  clearly  illustrated  the 
damage  zone  can  extend  a  considerable  distance  in  all  directions  from  the  crack 
zone.  Or.  Chiao,  using  statistics  of  fracture,  demonstrated  the  need  to  improve 
variability  of  fiber  materials  and  their  composites.  He  stressed  that  large 
improvements  in  narrowing  the  statistics  of  fracture  would  lead  to  the  same 
advantages  in  design  as  increases  in  properties. 

The  Thursday  evening  session  was  occupied  by  the  business  meeting,  short 
presentations  from  the  conferees,  and  a  panel  discussion  on  future  directions 
and  needs  of  the  composites  community.  The  panel  was  led  by  Drs.  Sternstein, 
Bascom,  Barry  and  Wilkins. 

The  Friday  morning  session  was  devoted  to  compression  failure  of  composites 
(Dr.  Chaplin)  who  demonstrated  that  in  many  cases  compression  failure  is  an 

T 

elastic  instability  and  not  a  true  fracture.  Such  instabilities  are  occuring  in 
the  fibers.  He  discussed  methods  of  improving  these  properties  and  showed  why 
such  instabilities  occur.  Dr.  Jortner  introduced  the  conference  to  carbon- 
carbon  composites  and  the  problems  asociated  with  microcracking  and  graphitiza- 
tlon.  These  carbon-carbon  composites  are  amazingly  tough  for  such  brittle 
constituents  and  suggested  there  may  be  room  for  improvements  in  these  proper¬ 
ties  with  what  polymeric  based  scientists  consider  brittle  matrix  materials. 
Problems 

The  only  problem  really  associated  with  this  conference  is  freedom  of 
information/open  discussion.  Two  papers  originally  scheduled  were  cancelled 
because  of  lack  of  clearance.  Every  year  this  seems  to  cause  more  and  more  dif¬ 
ficulty  since  we  are  always  trying  to  get  the  latest  science  and  technology 
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discussed  and  presented.  The  problem  Is  mostly  company  and  government  oriented 
since  universities  will  normally  not  accept  monies  with  publication  restric¬ 
tions.  What  is  most  distressing  is  that  these  conferences  were  established  to 
aid  in  the  development  and  understanding  of  composites,  and  a  more  talented 
collection  of  scientists  and  engineers  than  the  conferees  would  be  difficult  to 
find.  Yet  each  year  papers  promised  to  be  delivered  are  at  the  last  minute 
withdrawn  because  of  a  refused  government  clearance  or  a  corporate  decision. 
There  is  probably  little  that  can  be  done  about  his  situation  but  it  is  nonethe 
less  frustrating  to  organizers  and  speakers  and  greatly  hinders  the  scientific 
discussion. 
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Monday  Morning,  January  16 

■  Discussion  Leader:  Willard  Bascom,  Hercules,  Inc. 


The  Mechanical  Properties  of  Thermo¬ 
plastic  Matrix  Composites 


S.S.  Sternstein 
Rensselaer  Polytechnic  Inst. 


Thermoplastics  as  Matrix  Resins  for 
Advanced  Composites 


John  Nairn 

E.I.  duPont  de  Nemours  &  Co. 


Monday  Evening,  January  16 


Discussion  Leader:  Richard  M.  Ikeda,  E.I.  duPont  de  Nemours  &  Co. 

Toughening  Mechanism  in  Elastomer-  Albert  F.  Yee 

Modified  Epo*y  Resins  General  Electric  Co. 


Toughness  of  Composites  with  Epo*y  Andrei  G.  Filippov 

Matrices  .  Shell  Development  Co. 


Tuesday  Morning,  January  17 

Discussion  Leader:  Richard  M.  Christensen,  Lawrence  Livermore  Labs 

Fracture  Evaluation  of  Thermosetting  Vernal  H.  Kenner  •  • 

Resins  and  Their  Composites  Ohio  State  University,  Columbus 

The  Need  for  Tough  Composites  Wolf  Elber 

Materials  Division,  NASA  Langely 


Physical  Ageing  of  a  Thermoplastic 
Resin  In  the  Nonlinear  Range 


Greg  McKenna 

Polymer  Division,  National 
Bureau  of  Standards 


Application  of  Small  Angle  Scattering 
to  Composites 


Wen-LI  Wu 

Polymer  Division,  National 
Bureau  of  Standards 


Tuesday  Evening,  January  17 

Discussion  Leader:  Tisato  Kajiyama,  Kyushu  University,  Japan 

Interface  Response  to  Hygrothermal  Lawrence  T.  Drzal 

Environment  Air  Force  Wright  Aeronautical 

Labs 

Epo^y-Water  Interactions  Frank  E,  Karasz 

University  of  Massachusetts, 
Amherst 


Wednesday  Morning,  January  18 

Discussion  Leader:  Dusan  Prevorsek,  Allied  Corporation 

Preparation,  Properties  and  Analyses  Motowo  Takayanagi 

of  Moduli  of  Molecular  Composites  Kyushu  University,  Japan 

Rigid-Rod  Molecular  Composites  Wen  Fang  Hwang 

University  of  Dayton  Research 
Institute 


Wednesday  Evening,  January  18 

Discussion  Leader:  Richard  H.  Ericksen,  Sandia  Laboratories 

Fracture  Mechanics  of  Elastomeric  Alan  N.  Gent 

Composites  University  of  Akron 

Strength,  Stability  and  Attachment  David  Brookstein 

Considerations  in  Braided  Albany  International  Res.  Co. 

Composite  Structures 


Thursday  Morning,  January  19 

Discussion  Leader:  Zvi  Hashin 

Micromechanisms  of  Deformation  and 
Fracture  of  Polymers  and  Polymer 
Composites 

Lifetime  of  Fiber  Composites  Under 
Tension 


Tel-Aviv  University,  Israel 
Peter  Beaumont 

Cambridge  University,  England 


T.T.  Chiao 

Lawrence  Livermore  Labs 
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Thursday  Evening,  January  19 

Discussion  Leader:  J.  Edmund  Fitzgerald,  Georgia  Inst,  of  Technology 
Short  presentations  from  Conference  Attendees 


Ionizing  Radiation  Effects  on  Carbon 
Fiber/Epo*y  Composites 

A  Dielectric  Study  of  the  Time- 
Temperature-Transformation  (TTT) 
Diagram  of  DGE8A-DDS 

Thermal  Expansion  of  Glass  Fiber 
Polyester 

Failures  of  Kapton  Insulated  Electrical 
Insulations  in  Hot-Wet  Environments 

An  Impulse  Approach  to  Viscoelasticity 


Raymond  Fornes 

North  Carolina  State  University 

Stephen  D.  Senturia 
Massachusetts  Institute  of 
of  Technology 

Hans  Lilholt 

RIS0  National  Laboratory,  Denmark 
Clarence  Wolf 

McDonnell  Douglas  Corporation 

Richard  J.  Farris 
University  of  Massachusetts 


General  Discussion  on  Needs  in  Composites 

Opening  comments  by: 

Sanford  S.  Sternstein 
Willard  Bascon 
William  Barry 
Dick  J.  Wilkins 


Friday  Morning,  January  20 

Discussion  Leader:  Dick  J.  Wilkins,  General  Dynamics  .  . 

Compression-Failure  Mechanics  of  Richard  Chaplin 

Composites  University  of  Reading,  England 


Rensselaer  Polytechnic  Institute 
Hercules,  Inc. 

Consultant 
General  Dynamics 


Causes  and  Effects  of  Microcracking 
in  Carbon-Carbon  Composites 


Julius  Jortner 
Jortner  Res.  &  Eng.,  Inc 
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Address  Materials  Engineering  Department 

_ Rensselaer  Polytechnic  Institute 

_ Troy,  NY  12181 _ 

Business  Telephone _ 

Name  John  A.  Nairn _ 

Address  CR&D  Dept. ,  Experimental  Station 

_ E.I.  duPont  de  Nemours  &  Co.,  Inc. 

_ Wilmington,  DE  19898 _ I 

Business  Telephone _ 

Name  Julius  .lortner  ■ 

Address  Jortner  Research  &  Engr,  Inc. 

_(  P.0.  Box  PBP 5 _ ; _ 
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Business  Telephone _ , _ 

Name  Albert  F.  Yee _ _ 

Addres£entral  R&D,  P.0.  Box  8  _ 

_ General  Electric  Company _ 

_ Schenectady,  NY  12301 _ 

Business  Telephone _ 

Name  Andrei  G.  Filinoov _ 

Address  Shell  Development  Company _ 

_ Post  Office  Box  1380 _ 

_ Houston,  TX  77001 _ 

Business  Telephone _ _ _ 

I  N?-e  Vernal  H.  Kenner _ 

A*  /ess  Ohio  State  University" 

1513  W.  Wood  ruff 

Columbus,  OH  43210  ~~ 

Business  Telephone _ 

Name  Wolf  Elber _ , _ 

Address  NASA  MS  18&E 

_ NASA  Langley  Field 

Hampton,  VA  23665 

Business  Telephone _ 


Name  Gregory  B.  McKenna _ 

Address  National  Bureau  of  Standards 

_ Polymer  Division 

Washington,  DC  20234 
Business  Telephone 

Name  Wen-Li  ^u, _ 

Address  Polymer  Division 

_ National  Bureau  of  Standards 

_ Washington,  DC  20234 _ 

Business  Telephone _ _ 

Name  Lawrence  T.  Drzal _ _ 

Address  Materials  Laboratory _ 

_ AFWAL/MLBM _ ^ 

_ Wright  Patterson  AFB,  OH  45433 

Business  Telephone _ ^ _ 

Name  Frank  Karasz _ _ 

Address  Materials  Research  Laboratory,  PS&E 

_ University  of  Massachusetts _ 

_ Amherst,  HA  01003 _ 

Business  Telephone _ 

Name  Motowo  Takayanaqi _ 

Address  Department  of  Anolied  Chemistry 

_ Kyushu  University _ 

_ 6-10-1,  Hakozaki ,  Oioashi-ku _ 

Fukuoka,  JAPAN  "812 

Name  Wen-Fang  Hwang _ 

Address  Research  Institute,  300  College  Park  Av< 
University  of  Dayton 

_ Dayton,  OH  45469 _ 

Business  Telephone^ _ 

Name  Alan  Gent _ 

Address  institute  of" Polymer  Science 
“University  of  Akron 
Akron,  OH  A4325 

Business  Telephone _ 


IT  IS  ESSENTIAL  THAT  ALL  CHAIRMEN,  VICE  CHAIRMEN,  SPEAKERS,  DISSCUSSION  LEADERS, 
SESSION  CHAIRMEN  APPLY  AND  REGISTER  THROUGH  THE  CONFERENCE  OFFICE.  IT  IS 
EQUALLY  IMPORTANT  THAT  THEY  PAY  THE  FULL  FIXED  FEE  IN  ADVANCE.  THIS  ALSO  APPLIES 
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University  of  Cambridge 


Cambridge,  UNITED  KINGDOM 
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Monsanto  Company 
101  Granby  Street 
Bloomfield,  CT  06002 

Allen,  Steven  R.  *O0 
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E.  Street  302  -  Textile  Fibers 
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Dow  Chemical  Company 
433  A  Building 
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Mrs.  Arends  607 
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Dept,  of  Metallurgy  and  Materials 
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Hercules,  Inc. 
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Magna,  ITT  84044 

Bascom,  Nadia  A2 r 

(Guest  of  Willard  “is com) 


Batdorf,  Samuel  609 

University  of  California 
6531  Boelter  Hall 
Los  Angeles,  CA  90024 

Batdorf,  Carol  609 

(Guest  of  Samuel  Batdorf) 

Beaumont ,  Peter  702 

University  of  Cambridge 
Department  of  Engineering 
Trumpington  Street 
Cambridge,  United  Kingdom 

Berenbaum,  Morris  B.  268 

Allied  Corporation 
Post  Office  Box  1087R 
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Bradley,  Walter  211 

Texas  A  &  M  University 
Dept,  of  Mechanical  Engineering 
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Bradley,  Virginia  211 

(Guest  of  Walter  Bradley 

Brinson,  Hal  F.  702 
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Virginia  Tech 
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Albany  International  Research  Co. 
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Chartoff,  Richard 
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Jet  Propulsion  Laboratory 
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Coulehan,  Robert  E. 
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13  Allen  Street 
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Donovan,  James 
University  of  Massachusetts 
Mechanical  Engineering  Dept. 
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University  of  Massachusetts 
Amherst,  MA  01003 


Filippov,  Andrei  G. 
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Georgia  Institute  of  Technology 
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University  of  Maine 
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Institute  of  Polymer  Science 
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3M  Company 
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Office  of  Naval  Research 
800  N.  Quincy  Street 
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Technical  Center/ Composite  L  Textile  Res. 
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Faculty  of  ngineering 
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51  Harbor  Plaza 
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Helminiak,  Ted 
Materials  Laboratory,  USAF 
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Wright-^atterson  AFB,  OH  45433 

Hsiue,  Eric  712 

Allied  Corporation 
Post  Office  Box  2332R 
Morristown,  NJ  07960 

Hwang,  Wen-Fang  166 

University  of  Dayton 

Research  Institute 

300  College  Park  Avenue 

Dayton,  OH  45469 

Xkeda,  Richard  M.  718 

E.  I.  du  Pont  de  Nemours  &  Co.,  Inc. 
Experimental  Station  E356 
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3M  Company 

Traffic  Control  Materials  Division 
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Jortner  Research  &  Engineering,  Inc. 
Post  Office  Box  2825 
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Kyushu  University 
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Kanninen,  Melvin  729 

Southwest  Research  Institute 
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Kanninen ,  Jean  729 

(Guest  of  Melvin  Kanninen) 
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Washington  University 
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St. Louis,  M0  63130 


608 


Registration  List,  Composites,  1964 


s 


Kassal,  Robert  328 

E.  I.  du  Pont  de  ‘"emours  &  Co.,  Inc. 
Experimental  Station,  PPD 
Wilmington,  D2  19398 

Katz,  Dov  611 
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Wright-Patterson  AFB,  OH  4  5433 

Katz,  Edith  611 

(Guest  of  Dov  Katz) 

Kenner,  Vernal  H.  42? 

Ohio  State  University 
155  W.  Woodruff 
Columbus,  OH  43210 

Jfnakal,  Charles  W.  309 

V  -*neral  Motors  Corporation 
APMES  A/MD-24  Technical  Center 
Warren,  Kt  48045 

Knox,  Jack  318 

Amoco  Chemicals  Corporation 
Post  Office  Box  40 
Naperville,  IL  60566 

Kowalski ,  Ian  326 

Union  Carbide  Corporation 
12900  Snow  Road 
Parma,  OH  44130 

Kruger,  Albert  I65 

Saint-Go bain  Recherche 
(  '9.  quai  Lucien  LeFranc  BP  135 
v  ^3304  Aubervilliers  Cedox,  France 

Lindh,  DeVere  304 

The  Boeing  Company  (CAD) 

Materials  Technology  MS6GO6 
Post  Office  Box  3707 
Seattle,  WA  98124 

Lindh,  Billie 

(Guest  of  DeVere  Lindh) 

Lilholt,  Kans  307 

Metallurgy  Department 
Ris^  National  Laboratory 
4000  Roskilde,  Denmark 

Lo,  King  160 

Shell  Development  Company 
Post  Office  Box  13 80 
Houston,  TX  7?00l 


Luise ,  Robert  306 

E.  I.  du  Pont  do  Nemours  *  Co.,  Inc. 
Textile  Fibers,  Experimental  Station 
E302/315  Wilmington,  D2  I9898 

Mandel,  James  42? 

Civil  Enginecring/150  Hinds  Hall 
Syracuse  University 
Syracuse,  NY  13210 

Marcantonio,  Arnold  F.  256 

Fiberite  Corporation 
501  West  Third  Street 
Winona,  Ml  55987 

Martin,  Pat  H.  325 

Dow  Chemical  USA 
2800  Mitchell  Drive 
Wlanut  Creek,  CA  94598 

Matonis,  Victor  A.  323 

Monsanto  Company 
730  Worcester  Street 
Indian  Orchard,  KA  OII5I 

McAllister,  Lawrence  E.  303 

Fiber  Materials,  Inc. 

Blddeford  Industrial  Park 
Biddeford,  ME  04005 

McCulstion,  Janice  D.  322 

Northrop  Corporation 
1  Northrop  Avenue,  Dept.  #2141,  Zone  90 
Hawthorne,  CA  90250 

McGovern,  Sharon  A. 

Composite  Materials  &  Process  Eng'g. 
Northrop  Corporation  Dept.  3876/62 
1  Northrop  Avenue 
Hawthorne,  CA  902 50 

McKenna,  Gregory  B,  428 

National  Bureau  of  Standards 
Polymer  Division 
Washington,  DC  20234 

McManus,  Hugh 
Kaman  Avi  Dyne 
83  Second  Street 
Burlington,  MA  01803 

Michno,  M.  J.,  Jr.  603 

Union  Carbide  Corporation 
Spec.  Polymers  and  Composites 
1  River  Road 
Bound  Brook,  !'J  0RQ0^ 
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Hichno,  Mrs.  603 

(Guest  of  M.  J.  Kichno,  Jr.) 

Moulton.  Richard  J.  162 

910  Kenston  Drive 
Clatton,  CA  94517 

Mulligan,  David  D.  21? 

West va co 

Covington  Research 
Covington,  VA  24426 

Naim,  John  A.  606 

E.  I-,  du  Pont  de  Nemours  &  Co.,  Inc. 
CR&D  Dept.,  Experimental  Station  E3 56 
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Nielsen,  Raul  L.  423 

stman  Research  Laboratory 
xvodak  Research  Laboratory 
Rochester,  NY  14650 

Nissen ,  Di etmar  329 

BASF  Ag 

BASF,  ZXRlH,  Bl 

D-67OO  Ludwigshafen,  West  Germany 

Pardee,  William  J,  745 

Rockwell  International  Science  Center 
Post  Office  Box  10?5 
Thousand  Oaks,  CA  91370 

Parrish,  Robert  G,  730 

E.  I.  du  Pont  de  Nemours  &  Co.,  Inc. 
Experimental  Station 
lmlngton,  DE  19899 

Pearce,  Tony  M,  401 

Hercules  Aerospace  Division 
(Bacchus)  Post  Office  3ox  98 
Magna,  UT  84044 

Plass,  Norman  C.  612 

Brunswick  Corporation 
43OO  Industrial  Avenue 
Lincoln,  NE  68504 

Pochan,  John 
Eastman  Kodak  Company 
Building  81,  Kodak  Park 
Rochester,  NY  14650 

Prevorsek,  Dusan  C.  720 

Allied  Corporation 
Post  Office  Box  1021R 
Morristown ,  NJ  07960 


Reiter,  Richard  402 

National  Starch  and  Cheni~nl  Corporation 
10  Finderne  Avenue 
Bridgewater,  NJ  0380? 

Roy lance,  David  504 

Room  6-202 

Massachusetts  Institute  of  Technology 
Cambridge,  KA  02139 

Ruffing,  E.  Robert  429 

Engineering  Materials  &  Processes  Inc, 
2041  Nightman  Street 
Pittsburgh,  PA  1521 7 

Schaffer,  Brent  721 

Hughes  Aircraft  Co. 

Building  331 ,  M/S  A309 
Post  Office  Box  92919 
Los  Angeles,  CA  90009 

Schultz,  William  J.  429 

3  M  Company 
102-1W-23  3  M  Center 
(I  &  C  Rector  Research) 

St.  Paul,  MN  55144 

Senturia,  Stephen  215 

Room  13-3010 

Massachusetts  Institute  of  Technology 
Cambridge,  MA  02139 

Shepard,  La wren?®  726 

Army  Materials  £  Hcheanics  Res.  Center 
Arsenal  Street  /  DMXMR-  C 
Watertown ,  MA  021 72 

Smith,  Hi  char  '  I.  744 

Lockheed-Gecr-t*  >-p3.ny 
Department  ?2-  Zone  319 
60  S.  Cobb  Drive 
Marietta,  GA  W2 

Smith,  Thor  1.  614 

IBM  Research  :: vision  K42/282 
5600  Cottle 
San  Jose,  -L»  ^'1 53 

Smith,  Wilburr  2.  512 

E.  I.  du  Font  de  Nemours  i  Co.,  Inc. 
Chestnut  Hun 
Wilmington,  I^Roq 

Steiner,  rhu]  420 

Hysol  Division,  Dexter  Corporation 
Post  Cf'irc  Bex  312 
Pittsburgh,  r..\  94565 
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Steinheil ,  'Jckart  621 

Domier  Materials  Research 

Post  Office  Box  I36O 
Friedrichshefen,  Vest  Germany  D-7990 

Stemstein,  Sanford  5.  616 

Rensselaer  Polytechnic  Institute 
Materials  Engineering  Department 
Troy,  NY  12181 


Stemstein,  Gail  616 

(Guest  of  S.  S.  Stemstein) 

Stockel,  Richard  F.  72? 

M  &  T  Chemicals,  Inc, 

1  Woodbridge  Court 
Woodbridge ,  NJ  O7O95 

au,  K.  Benjamin  212 

E,  I.  du  Pont  de  Nemours  &  Co.,  Inc, 

304  Experimental  Station 
Wilmington,  DE  I9898 


Sundsrud,  Jerry 

3M  Company  -  Structural  Products 
3M  Center  -  Building  230-1? 

St.  Paul,  MN  35144 


Sus3man,  Alan 
RCA  Laboratories 
Princeton,  HJ  08540 
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Takayanagl,  Motowo  409 

*vushu  University 
partment  of  Applied  Chemistry 
6-10-1,  Hakozaki,  Higashi-ku 
Fukuoka,  Japan  812 


Tolle,  E.  J.  314 

Imass  Inc. 

Post  Office  Box  134 
Accord  (Hingham)  MA  02018 

Vallance,  Michael  421 

General  Electric  Corporate  Research 
4B39.  Kl,  Post  Office  Box  8  (Polymer  Phys.) 
Schenechtady,  NY  12301 


VanderKley,  Peter  255 

Hughes  Aircraft  Company 

Post  Office  Box  9291?,  Airport  Station 

Bldg.  S-41  MS  A-305 

Los  Angeles,  CA  90009 


Wilkins,  Dick  J.  262 

General  Itymmics 
Post  Office  Box  ?48 
Fort  Worth,  TX  76101 

Wolf,  Clarence  164 

McDonnell  Douglas  Corporation 
Building  110,  Post  Office  Box  5116 
St.  Louis,  M0  63I66 

Wu,  Wen-li  155 

Polymer  Division 
National  Bureau  of  Standards 
Washington,  DC  20234 

Yee,  Albert  ?.  406 

General  Electric  Company 
Central  Research  &  Development 
Post  Office  Box  8 
Schenectady,  NY  I23OI 

Zoller,  Paul  505 

E.  I.  du  Pont  de  Nemours  &  Co.,  Inc. 
Central  Research  &  Development 
Experimental  Station  2356 
Wilmington,  DE  19898 
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Bailey,  Frederick  E.  Union  Carbide  Technical  Center,  South  Charleston,  WV  25314 

Beaumont,  Or.  Peter  U.  Eng.  Dept.,  Trumpington  St.,  Cambridge  CB2  1PZ  ENGLAND 

Christensen,  Dr.  R.M.  Lawr.  Liverm.  Lab.,  U.  of  Cal.,  Livermore,  CA  94550 

Coulehan,  Robert  E.  0M0  Corporation,  Dobbs  Ferry,  NY  10522 

DeTeresa,  Steve  Polymer  Science  A  Eng.,  UMass.,  Amherst,  MA  01003 

Donovan,  James  Mechanical  Eng.  Dept.,  UMass.,  Amherst,  MA  01003 
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Farris,  Dr.  R.J.  Dept.  PSE,  Univ.  of  Mass.,  AMherst,  MA  01003 
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Fitzgerald,  Dr.  J.E.  Sch.  of  Civ.  Engr.,  GA.  Inst.  T.,  Atlanta,  GA  30332 

Gent,  Professor  Alan  N.  Inst,  of  PS/Univ.  of  Akron,  Akron,  OH  44325 

Gillham,  Prof.  John  K.  Dept.  Chemical  Engr.,  Princeton  University 
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Hashin,  Dr.  Zvi  Sch.  of  Engr.,  Tel  Aviv  Univ.,  Tel  Aviv,  ISRAEL 
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